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THE NEW PHYSICS.
BY C. L. VESTAL,

Carl Schurz High School, Chicago.
In the next ten years we are likely to see considerable changes

in our social structure. We cannot, we should not, hope that
education will escape these changes. Education is the founda-
tion of successful democracy. It is essential, therefore, that it
be revised from time to time to fit democracy^ changing needs.
Educational procedure, as it stands today, is partially out of
touch with the lives of the people who support it. The coming
changes, then, will be in the nature of establishing the desired
contact.
The subject of physics has to bear its share of this charge of

remoteness from reality. It is less open to this charge than most
other subjects because of the nature of its matter, which the
pupil sees around him every day. So great is this inherent vital-
ity that its revivification should not be difficult. The fault
is not in the fundamentals. These are eternal truth. It lies
rather in the assumed aims of its exponents, and their conse-
quent aloof attitude toward the contact of their science with
the popular life. This attitude has of necessity used correspond-
ing methods of presentation, and hence the whole subject has
not been able to escape the charge of social irrelevance. On
the whole, we have been, and still are, administering a system
handed down to us, rather than studying actual needs and then
constructing a procedure to fit them. We cannot mold these
needs of the people to fit a preconceived system. They are
molded by forces of which our own subject is only one of very
many. In a democracy education is a tool, a means to national
happiness. When changes are necessary it is the means, not the
^end, which must do the adapting. I am convinced that we can
maintain the value of our subject in the eyes of the people
only by bringing it into intimate contact with the lives of our
pupils, and their parents as well. To this end we must adopt
more fully a method which might be called associative teaching.

I do not mean to give the impression that all of our physics
teaching is remote from life. Much of it even now is presented
in terms of the pupiPs daily observation and experience. Better
still, that much is growing mto more. But that a very large
percentage of it is still open to the charge of aloofness we can
prove to ourselves by looking over the catalogs of physical
apparatus. How little of that represents means of adapting these
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world energies to the uses of man! That, to be sure, is not the
makers fault. He has made what teachers demanded, and
teachers demanded what their scholastic training, from the
point of view of pure science, taught them to demand�mostly
highly specialized pieces, designed to bring out an abstract fact
or law by itself. It seems to me that, for the high school pupil,
this is not good pedagogy. It has its place, not as the center
of the study, but as an accessory in the study of the real thing.

Of course it demonstrates a truth, ^,nd no truth is absolutely
unrelated to life, but if those to whom we are teaching it do not
see any such relation, the isolation exists in effect. For popular
science�and I use that phrase in the full consciousness of its
possible odium in the eyes of teachers trained as we have been
�must not emphasize the research point of view. The implica-
tion of this statement is that high school science should be popu-
lar science. I am convinced that this is true, in the larger
sense of the term, being careful to exclude that demagoguery
which exists among "scientific^ writers no less than among
"political^ writers. A definite attempt to obtain popular ap-
preciation is not necessarily pernicious. In fact it is the final
touchstone to which a democracy must inevitably submit all
its varied activities. True popular science is not necessarily
superficial. That* is a matter of teaching. It will not even be
spectacular. It is a method of making and maintaining this
appeal that I seek and urge others to seek. However applied,
such a method must be an associative one, a method which causes
the pupil to naturally associate in his mind the matter of class
discussion and experiment with its uses for human happiness
and progress. So I have used the phrase, "associative teach-
ing^
To discuss and illustrate the matter fully would require a vol-

ume�which, when written, would be highly speculative, because
the technique is not yet by any means worked out. It only has
a very hopeful beginning. Not the least of its merits is that
it requires us to subject our methods to the test of experiment.
I am willing to suggest that, for one thing, we will find it to mean
something like this: Instead of using highly specialized appara-
tus as the center of attention, let us take, so far as possible,
the actual pieces in which the laws are made use of practically,
and demonstrate and study from them. If the things themselves
are not available�and in many cases they never can be�let
us imitate them as closely as possible, by working models, or
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imitative arrangements of apparatus at hand. The place of the
specialized demonstration is to clear up some question growing
out of the study of the real thing. Let the derivation of the
law follow instead of lead some understanding of its applications.

Permit me space for a few illustrations. Before beginning
any topic, let us ask ourselves: What are my pupils^ association
with this topic? This is not a difficult question to answer, since
the teacher usually lives in much the same environment as do
his pupils. Then let us begin our discussion with the devices
that use the laws we want to impress. Take for example the
topic under the, to the pupil, formidable title, "Statics of
Liquids.^ What is the pupil’s association with that? Well,
his most familiar one is not statics at all, but dynamics, in the
form of the flow of water through a pipe, the significant thing
being the sometimes annoying drop in pressure. Great numbers
of pupils have noticed that when everybody in the block wants
to sprinkle lawns at once on hot evenings, they can hardly get
water from the faucets in the house. To explain and test this
I would suggest using a run of small water pipe the length of
the laboratory, with dial pressure gauges at intervals of six feet,
and faucets similarly spaced, so that the effect of flow on pres-
sure distribution can be observed, and measured, if a water
meter is available. I have to confess that I have never been so
fortunate as to be able to try this. Another association is the
pressure produced by a standpipe. Let us investigate this by
elevating a small tank above the lecture table to a height of
eight feet or more, and connect it with the sink below by a ver-
tical water pipe carrying three dial pressure gauges at intervals.
Accurate gauges reading to but five pounds can be had reason-
ably. We would thus obtain directly the relation between depth
and pressure.
As a means of accomplishing the study, let us give the pupils

a list of detailed and searching question’s, covering both the
details of operation and the governing principles. Let these
questions be of a grade of which most of the pupils can answer
eighty-five per cent to ninety per cent in a reasonable time.
The rest of the questions might well be of such a nature that
only a few of the more brilliant ones could answer them. This
gives the bright ones an opportunity to extend themselves, and
so keeps up their interest. Do not undertake to derive any laws
until the construction and operation have been well studied.
Then call the class together, taking it part at a time, if neces-
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sary, and use the questions given as a basis for recitation, and
the tying together of related parts. Finally derive, state, and
amplify the laws. Do not require the pupil to make a written
report on everything thus studied. When a report is demanded,
however, see that it is very carefully done, with a line drawing
of the device studied, having all parts properly named, a state-
ment of the law or laws upon which the operation depends, and
a clear explanation of how this law is involved.

Space forbids me to carry these illustrations further. Once
started along this line, your own imaginations can suggest plenty
of others. I have little doubt but that a list of a hundred such
studies or ^experiments" could be suggested, very few of which
have been actually tried to find out how they will work, if at all.
I wish now to consider some of the changes involved in the adop-
tion of this associative method.

In the first place there is the matter of equipment. Our
laboratories are, for the most part, equipped for the old formal,
rigid methods. They would have to be re-equipped. However,
this is not quite so forbidding as it sounds. It would have to be
done gradually. Let us replace no more formalism with itself,
but year by year, as we can obtain the money, let us invest it
in the new method equipment. In fact, we would have to do it
gradually even if we had unlimited funds, because it is only
gradually that we can find out just what we do need. Let the
arrival of the new be evolution instead of revolution. The latter
always arouses fight.

Secondly, it means a change in our teaching method in the
laboratory. Instead of the alleged individual experiment, we
must come to some form of the group experiment. Here, too,
the change is more striking in statement than in reality. With
four pupils at a table, as in many laboratories, the work is a group
affair anyway, led by one pupil who knows what to do, while
.the rest look on and take down data. Since tables are close
together, the group often includes more than those at the one
table. I am not sure that this.is reprehensible. A great deal
of the time and for all but a few of the pupils the physics is buried
in manipulation of apparatus. No doubt it is true that if we
could have each pupil work entirely alone he would get the mat-
ter more thoroughly than he ever really does, but with classes
averaging twenty-five to thirty pupils this is impossible.

Again, adoption of the new idea will mean a much less rigid
differentiation between ^laboratory" and ^class." The labora-
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tory should always be large enough to contain seats for the class.
Then the instructor may call the whole class, or any part of it,
together at any time for explanation or study, thereby striking
while the iron is hot. The class should be in the laboratory
most of the time, the teacher doing his work by being always
among the pupils, ready to apply real teaching on the spot when
it is needed. The pupils will be using the study questions given
them when the device was taken up. The total class time
should not be less than seven periods per week. Ten would be
better. Usually not more than three of these should be spent in
formal recitation, although that could be determined* only by
the individual class in hand. It should not be a hard and fast
matter. Thus there would be given some real significance
to the phrase, ^teaching by the laboratory method.^ It should
be added that the new physics would not confine its laboratory
to the four walls of the room which goes by that name. The
properly designed modern school building, a building whose
guiding idea came from an educator with vision and imagination,
would first of all be regarded, not merely as a shelter and ac-
commodation, but as an educational plant from top to bottom.
The heating, piping, and wiring of the whole building would
be so laid out as to allow frequent and convenient places of access
to these services for purposes of testing by pupils, properly super-
vised. Let the water pipes and gas pipes carry accurate and
sensitive meters, not only where they enter the building, but on
other floors and where they enter the laboratory and lecture
room. There should also be easily accessible pressure gauges
on the water and steam pipes at different levels and distances.
If there are steam engines, let them be available for pupil study.
Let the electric circuits be equipped with ammeters at the cut-
out boxes or distribution boards on the different floors^and with
ammeters and wattmeters and watt-hour meters where they
enter the laboratory. Practically all of these pupil observations
can be made without in any^vay interfering with the service
itself. A school is not truly such unless the whole of it is at the
disposal of its own educational aims.

Let us occasionally make visits to manufacturing plants, at-
tendance not compulsory, but only for such pupils as really
wish to go. Let the pupils be given points to observe before
going. Let them also be given questions about devices or pieces
of machinery which they frequently see. Let them be en-
couraged, and even required, to bring in questions from home.
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Every progressive physics teacher should prepare himself to be
a kind of consulting household -engineer. Let him be able to
explain the probable troubles of a heating or plumbing system
or a lighting or bell circuit. Outside of its own intrinsic utili-
tarian value, this will give the children a better appreciation of
their homes and accessories for comfortable living. It will cause
them to associate home and school more closely than is usually
done. It will heighten the parents^ respect for both school and
teacher. Our high school youngsters are too apt to feel that the
homely things, when mentioned in the classroom, are subjects
for more or less contemptuous laughter. We can do a great
deal to eliminate this feeling, and substitute for it a respect
for the art of decent, rational living.
Another change demanded will be the character of the texts.

With one or two exceptions, these are written from the formalis-
tic, remote, research point of view. We have got to get more
into the adolescent point of view, and renew our youth. Of
course our enthusiasm must be tempered by experience and
organized by knowledge, but it need not be killed by them.
Let us do most of our quantitative work in written problems,
basing them, so far as possible, on applications the pupils have
seen. Let us undertake accurate experimental demonstration
only where there is no reasonable doubt but what we can prove
what we set out to prove. Too often we are condemned to ex-
plain "why it didn7! work.^ The usual methods of demonstrat-
ing Boyle^s Law, Pascal^s Law, and Charles^ Law are cases
in point. The high school physics laboratory is no place "for
the methods of the Bureau of Standards. We have neither its
equipment nor its leisure, and should not aim at its results. The
pure laws are seldom used unadulterated, anyway. They are
merely made the basis for design. In the high school laboratory
let us lay more emphasis upon the "how^ than upon the "how
much.^
No doubt this idea of physics teaching will meet with some

strenuous objections, and equally strenuous misunderstandings.
The same word does not mean exactly the same thing to every-
body. One will be cost of equipment: But, as I have already-
said, this can be brought about gradually. It is my opinion that
Boards of Education will, on the whole, be favorable to the idea.
They are not academic-minded, and they are more likely to take
the popular point of view.
Another objection will be the extra work it may make the
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teacher. That it will require him to be more alert than he
usually is I think probable, but this should make for the good of
the service. It will also take more outside time for preparation
until a successful attack is worked out for each particular
^study.^ Whether it will make him work harder in the class-
room will depend a good deal upon his own organizing ability.
To follow this course no text has yet been written, and we must
make our own as we go along. I believe the real teacher will
find in this condition the freedom he has so long desired.
Another objection is the inflexibility of our laboratories them-

selves. They have mostly been made with the idea that only
little toys would ever be handled there. Tables are far too close
together, and are seldom the correct height. There are no pro-
visions for hanging weights from the walls or ceiling. The table
tops are such that nothing must be screwed to them. There is
seldom any small workshop attached, for the purpose of mak-
ing small pieces and minor repairs. There is no allowance for
mounting certain pieces permanently. These inherent defects
of the present laboratories can only be overcome by more or
less effective makeshifts. New ones should be planned in the
light of the new ideas.

A serious objection will come from our classically trained
teachers, who will see in this idea a lowering of standards. They
will tell you that the main thing in a course is discipline, that
it must be ^stiff^ or it is not worth much. Of course they will
admit that the subject matter ought to have some value and
interest of its own, but that this is secondary.
The advocates of the new physics must plead guilty to the

charge of aiming at greater interest in the course. They are not
readyto admit, however, that adding interest reduces disciplinary
possibilities. It is probably true that the pupil will more easily
master what is interesting than what is dead, but we would con-
tend that, while difficulty is one element of discipline, it is not
the only one. The subject matter of a living physics can be made
just as severe as required. Fundamentally, discipline is requir-
ing the pupil to adapt himself to the wholesome and worthy
in life, by which it would hardly seem that the things remote
from life are the most effective means thereto. The new physics
does not propose to relax discipline. It merely proposes to add
meaning to it. Formal discipline belongs to the days when it
was thought to consist mainly in repression. Does the boy like
a thing? Therefore it is not good for him. Repression has its
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place, but only in connection with stimulation. It is the nega-
tive aspect of discipline which has hitherto been overempha-
sized in our curriculum. In its own field the new physics hopes
to supplement this with stimulation.
We shall probably also hear the objection that this idea means

the lowering of physics to a merely utilitarian purpose, without
the saving grace of having it aim definitely at any trade or pro-
fession. I do not believe this charge has any justification. We
have all always taken for granted that physics was the foundation
of certain trade and professional courses, but we never regarded
that as its sole aim. As a matter of fact the mere informational
content of physics, even when taught by the associative method,
will not impress the pupil very greatly. For technical informa-
tion to be of definite value its recipient must be an actual prac-
titioner of the vocation upon which it bears. He must be brought
into daily contact with examples of the information he has ac-
quired. He must use this information, or it will not become a
utilitarian part of him. This the high school children are not
doing, except in an extremely limited way. Certain household
information should be of use in their daily lives, and the impart-
ing of this is eminently worth while, because it tends to raise the
plane of living. It is not a sordid matter. Even after they leave
school, most of the pupils will have little direct use for this in-
formation. By this time it will have long been forgotten, and
will have to be relearned when needed. It is our hope, however,
that the first learning will greatly shorten apprenticeship, but
it will not take the place of it, even in the vocation of teaching.
The implied charge of sordidness falls down.
Our real aim is as high as our ideals for better citizens. We

wish to adopt this method purely on pedagogical grounds. The
fundamental thing in all activity is life. It is life that we want
to make our subject take hold of, to help our pupils live highly
and happily. If our teaching remains remote from their lives
it can have little influence in them, and is therefore and to that
extent shorn of social justification.

Finally, we teachers need this change for our own sakes.
The life has largely gone out of the formal, scholastic methods.
Using them, we are isolated and irrelevant, without a back-
ground of social worth. They have given us a tendency to with-
draw from life, and cloister ourselves away from, its rude bar-
barisms in the little hermit world of our pale intellectual enjoy-
ments. We have thus gradually come to fear and shrink from
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anything robust. In our contact with our pupils we are still
largely a hazy reflection of life as it is and as they will have to
live it. We are somewhat in the position of the patent medicine
manufacturer, who classifies all ills under general debility, and
then guarantees his decoction to cure that�or to keep it so
drunk that the patient will remain unconscious of it. We have
been press agents and salesmen of a scholastic patent medicine.
We have never really made a diagnosis to see just what train-
ing was needed. We are trying to fit the pupil to the system
rather than the system to the pupil. We have got to make a
more rational combination of these two phases of education.
Do we not need, more than anything else, to forget our texts
and manuals and study seriously the ways in which our subject
touches the lives of the pupils and their parents, and then make
that subject a part of their lives, a part which fits, not a patch
stuck on in spite of blind protest? Let us become in some part
ourselves experimenters in matter and method, instead of ask-
ing our pupils to plow and replow partially barren ground.
Lacking this, our imaginations gradually become atrophied and
our enthusiasms evaporate, or are reserved for outside interests
which have life. This mechanical, perfunctory attitude has a
reaction on the pupils. Our souls are not in it. They have be-
come dessicated by disuse, and each day the class comes reluc-
tantly, remains restively, and rushes away eagerly. We have
dried up our personalities in a desert of remoteness, and our
value to our pupils has diminished in proportion.
To us as well as to the children the new physics offers salva-

tion. It is so flexible that we can prevent its matter from slip-
ping into mere routine. Its subjects of experiment and observa-
tion are so numerous that monotony need not be feared. For
the youngster it can be made a perpetual adventure, and the
teacher can renew his own youth in its ever-extending field.
He can keep out of the rut. Let UB take courage, then, and ex-
plore. Your explorer is your true romanticist, ever young. Let
us profit by his example.


